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(54) Double-row ball bearings and double-row ball bearing preload application method 



(57) A double-row ball bearing with a preload appli- 
cation structure including an axle and a sleeve sur- 
rounding the axle. At least two rows of bearing balls are 
disposed between the axle and the sleeve. An inner 
bearing ring is slidably mounted on the axle such that at 
least one of the two rows of bearing balls is set between 
the inner bearing ring and the sleeve. The second row 



of bearing balls is then set directly between the axle and 
the sleeve. A resilient member is connected to an exter- 
nal side surface of the inner bearing ring, and a preload 
applying member is connected to the resilient member. 
The preload applying member applies a preload to the 
inner bearing ring by increasing pressure on the resilient 
member. When an appropriate preload is achieved, the 
preload applying member is fixed to the axle. 
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Description 

[0001] The present invention relates to double-row 
ball bearings and double-row ball bearing preloading 
methods for use in automobiles, construction equip- 
ment, medical care equipment, precise fab ricati on -test- 
ing equipment and OA equipment. 
[0002] Typically, ball bearings are formed with a 
groove located directly on an axle. Bearing balls roll 
along the groove. This is called a direct ball bearing. In 
cases where this direct ball bearing is a single row ball 
bearing (only one row of bails is provided), the alignment 
between the ball races formed in the axle, ball races of 
the outer ring and the balls is comparatively simple. 
However, for double-row ball bearings (where two rows 
of balls are provided) the alignment of the balls and the 
facing races is more complicated. 
[0003] As shown in Figure 21 , a double row direct ball 
bearing comprises axle 1 00 and two races 101a, 101b 
constructed along the circumference. Two races 1 03a, 
103b are also constructed for the outer ring. In addition, 
balls 104a, 104b are sandwiched between their corre- 
sponding axle races and outer ring races. 
[0004] For a double-row ball bearing constructed as 
described above, the relationship between the center 
line distance B between the left and right races on the 
outer ring and the center line distance A between the 
left and right races on the axle must be either B>A or 
A>B. 

[0005] For this case, if B is much greater than A, or A 
is much greater than B, the preloading pressure be- 
tween the race and the ball becomes great and the ball 
or the race changes shape, and defective ball bearings 
result. 

[0006] Conventional double-row ball bearings have 
been constructed with, races 103a, 103b, correspond- 
ing to the axle's direct races 101a, 101b , at the inner 
surface of one of the outer rings. Thus, the outer ring 
races 1 03a, 1 03b must be accurately constructed to cor- 
respond to the axle's direct races 101a, 101b and even 
for the attachment of the outer ring to the axle. When 
applying an appropriate pre-load, a one micron accura- 
cy is required. Once the ring is attached, there is no pos- 
sibility of correction. 

[0007] In general, in a first aspect, the invention fea- 
tures a double-row ball bearing with a preload applica- 
tion structure including an axle and a sleeve surrounding 
the axle. At least two rows of bearing balls are disposed 
between the axle and the sleeve. An inner bearing ring 
is slidably mounted on the axle such that at least one of 
the two rows of bearing balls is set between the inner 
bearing ring and the sleeve. The second row of bearing 
balls is then set directly between the axle and the sleeve. 
A resilient member is connected to an external side sur- 
face of the inner bearing ring, and a preload applying 
member is connected to the resilient member. The 
preload applying member applies a preload to the inner 
bearing ring by increasing pressure on the resilient 



member. When an appropriate preload is achieved, the 
preload applying member is fixed to the axle. 
[0008] In general, in a second aspect, the invention 
features a double-row ball bearing with a preload appli- 

5 cation structure including an axle and a sleeve sur- 
rounding the axle. At least two rows of bearing balls are 
disposed between the axle and the sleeve. An outer 
bearing ring is slidably mounted inside the sleeve such 
that at least one of the two rows of bearing balls is set 

10 between the outer bearing ring and the sleeve. The sec- 
ond row of bearing balls is then set directly between the 
axle and the sleeve. A resilient member is connected to 
an external side surface of the outer bearing ring, and 
a preload applying member is connected to the resilient 

15 member. The preload applying member applies a 
preload to the outer bearing ring by increasing pressure 
on the resilient member. When an appropriate preload 
is achieved, the preload applying member is fixed to the 
sleeve. 

20 [0009] In general, in a third aspect, the present inven- 
tion features a method of preloading a double-row ball 
bearing including connecting a slidably mounted inner 
bearing ring of the double-row bearing to a preloading 
mechanism; applying pressure to the preloading mech- 

25 anism; and fixing a component of the preloading mech- 
anism to an axle of the double-row bearing when an ap- 
propriate preload is achieved. 

[0010] In general, in a fourth aspect, the present in- 
vention features a method of preloading a double-row 

30 ball bearing including connecting a slidably mounted 
outer bearing ring of the double-row bearing to a 
preloading mechanism; applying pressure to the 
preloading mechanism; and fixing a component of the 
preloading mechanism to a sleeve of the double-row 

35 bearing when an appropriate preload is achieved. 

[0011] The above aspects, advantages and features 
are of representative embodiments only. It should be un- 
derstood that they are not to be considered limitations 
on the invention as defined by theclaims. Additional fea- 

40 tures and advantages of the invention will become ap- 
parent in the following description, from the drawings, 
and from the claims. 

[0012] The invention is illustrated by way of example 
and not limitation and the figures of the accompanying 
45 drawings in which like references denote like or corre- 
sponding parts, and in which: 

[0013] Figure 1 is the longitudinal sectional view of the 
double row ball bearing according to the present inven- 
tion; 

50 [0014] Figure 2 is a longitudinal sectional view of a 
variation of the double row bearing in Figure 1 ; 
[0015] Figure 3 is the longitudinal sectional view of the 
double row ball bearing of a second embodiment of the 
present invention; 

55 [0016] Figure 4 is a partial longitudinal sectional view 
of a variation of the double row bearing in Figure 3; 
[0017] Figure 5 is a longitudinal sectional view of the 
double row ball bearing according to another embodi- 
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ment of the present invention; 

[0018] Figure 6 is a partial longitudinal sectional view 
of a variation of the double row bearing in Figure 5; 
[001 9] Figure 7 is the longitudinal sectional view of the 
double row ball bearing of another embodiment of the 
present invention; 

[0020] Figure 8 is a partial longitudinal sectional view 
of a variation of the double row bearing of Figure 7; 
[0021] Figure 9 is the longitudinal section view of the 
double row ball bearing of yet another embodiment ac- 
cording to the present invention; 
[0022] Figure 10 is the longitudinal section view of the 
double row ball bearing of another embodiment accord- 
ing to the present invention; 

[0023] Figure 11 is the longitudinal section view of the 
double row ball bearing of a further embodiment accord- 
ing to the present invention; 

[0024] Figure 12 is the longitudinal section view of the 
double row ball bearing of another embodiment accord- 
ing to the present invention; 

[0025] Figure 13 shows one process that achieves a 
preload application method for the inner ring of the dou- 
ble row ball bearing of the present invention; 
[0026] Figure 1 4 shows a further step of the process 
that achieves a preload application method for the inner 
ring of the double row ball bearing of the present inven- 
tion; 

[0027] Figure 15 shows a longitudinal sectional view 
of the double ball bearing which can be used with the 
preloading structure of the present invention; 
[0028] Figure 16 shows a longitudinal sectional view 
of another double ball bearing which can be used with 
the preloading structure of the present invention; 
[0029] Figure 17 shows a longitudinal sectional view 
of another double ball bearing which can be used with 
the preloading structure of the present invention; 
[0030] Figure 18 shows a longitudinal sectional view 
of another double ball bearing which can be used with 
the preloading structure of the present invention; 
[0031] Figure 19 shows a longitudinal sectional view 
of another double ball bearing which can be used with 
the preloading structure of the present invention; 
[0032] Figure 20 shows a longitudinal sectional view 
of another double ball bearing which can be used with 
the preloading structure of the present invention; and 
[0033] Figure 21 shows a longitudinal sectional view 
of the double ball bearing of prior art structure. 
[0034] A first embodiment of a preload application 
construction is shown in Figure 1. Axle 1 preferably in- 
cludes a small diameter portion 1 a and a large diameter 
portion 1b with a step formed therebetween. Inner ring 
6 is slidably mounted on the small diameter portion 1a 
of the stepped axle 1 . Ring 21 and spring 20 are mount- 
ed on the small diameter portion 1 a of the stepped axle 
1 adjacently to the outer end surface of the inner ring 6. 
When pressure is applied to spring 20 by pushing ring 
21 in the direction of the axis of stepped axle 1 , an ap- 
propriate preload is applied to inner ring 6 in the same 



direction. Ring 21 can then be fixed on the small axis 
portion 1 a of the stepped axle using an anchor, a fixing 
screw, caulking or adhesive agents. Spring 20 can be a 
temporary or undulating spring or, as shown in Figure 

5 2, a coil spring. Even rubber or a resin can be used. 
[0035] Since inner ring 6 is slidably mounted on the 
small diameter portion of axle 1 , removing ring 21 from 
the small diameter portion 1 a allows for analysis of inner 
ring 6. Therefore, it is possible to select other preloading 

10 means and/or adjust the preload amount. Another ad- 
vantage of the present invention is that when heat ex- 
pansion alters the preload supporting force, ring 21 can 
be removed from the small diameter portion 1a to 
change and readjust the preload. If the diameter of axle 

15 1 expands duetothe changing of the preload application 
component, it is still possible to accurately perform 
maintenance and preload application on the inner ring 
by changing the dimensions of the ring that applies the 
preload. 

20 [0036] The preload structure described above can be 
applied to conventional double row ball bearings shown 
in Figures 15,16 and 1 7, thus forming double-row bear- 
ings of preferred embodiments of the present invention. 
As shown in Figure 15, the bearing is provided with a 

25 stepped axle 1 having a small diameter portion 1 a joined 
to a large diameter portion 1b and a straight sleeve 2 
that extends the entire length of the bearing and has the 
same inner diameter along its length. A deep groove 
outer race 3 for the first row of bearing balls is formed 

30 on the outer surface of the large diameter portion 1 b of 
the stepped axle 1 . A plurality of balls 5 is set between 
this outer race 3 and a deep groove inner race 4 formed 
directly on the inner surface of sleeve 2. In addition, the 
second row's inner ring 6 is mounted on the small diam- 

35 eter axle portion 1 a of the stepped axle 1 . A plurality of 
balls 9 is set between the second row's deep groove 
inner race 8, formed directly on the inner surface of 
sleeve 2, and groove race 7, formed on the surface of 
inner ring 6. 

40 [0037] In accordance with the present invention, for 
the manufacture of this ball bearing, an inner ring 6 is 
inserted such that it can slide in the axial direction along 
the small diameter portion 1 a of the stepped axle 1 lon- 
gitudinally along the entire body. The lower end (shown 

45 in Figure 15 as the left endpoint) of the stepped axle 1 
is fixed using a cradle. A preload is exerted from the 
upper endpoint to the inner ring 6 using athrusting body. 
When inner ring 6 is determined to be at an appropriate 
position, the inner ring is fixed to the small diameter's 

50 portion of the stepped axle using an adhesive agent. 
[0038] The double row ball bearing shown in Figure 
16 includes a stepped axle 1 having a small diameter 
portion 1a joined to a large diameter portion 1b. A 
stepped sleeve 2 has an inner elongated portion 2a pro- 

55 vided at one endpoint of the sleeve being parallel to the 
axis and having a larger inner diameter than the rest of 
sleeve 2. A deep groove outer race 3 for the first row of 
bearing balls is directly formed on the outer surface of 
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the large diameter portion 1 b of the Stepped axle 1 , and 
a plurality of balls is set between this outer race 3 and 
a deep groove inner race 4 formed on the inner surface 
of sleeve 2. In order to accommodate the second row of 
bearing balls an inner ring 6 is mounted on the small 
diameter portion 1a of axle 1 and an outer ring 10 is 
inserted into sleeve 2. Inner ring 6 is formed with a deep 
groove race 7, outer ring 10 is formed with a deep 
groove 1 1 , and a plurality of balls 9 is provided between 
the inner and outer ring's facing races 7 and 11 . 
[0039] In the manufacturing of the ball bearing shown 
in Figure 1 6, inner ring 6 is slidably mounted on the small 
diameter portion 1a. While the left endpoint of the 
stepped axle 1 is supported from below with a cradle, a 
preload is exerted towards inner ring 6 with a thrusting 
body. When an appropriate preload is achieved, inner 
ring 6 is fixed, preferably with adhesive, to the small di- 
ameter axle portion 1a. 

[0040] Another double-row ball bearing which can be 
manufactured using the preload structure of the present 
invention is shown in Figure 1 7. The ball bearing shown 
in Figure 17 has an outer ring 13 inserted into sleeve 2 
for accommodating the first row of bearing balls and an 
inner ring 6 for accommodating the second row of bear- 
ing balls. Bearing sleeve 2 is a straight sleeve that ex- 
tends the entire length of the bearing with the same inner 
diameter. A straight axle 1 also extends the entire length 
of the bearing with the same outer diameter. 
[0041] More specifically, the first row of bearing balls 
5 is placed between a deep groove outer race 3 formed 
on the outer surface of axle 1 and a deep groove inner 
race 1 1 formed on the inner surface of the outer ring 13, 
which is fixed inside straight sleeve 2. The second row 
of bearing balls 9 is set between the deep groove outer 
race 7 of second row's inner ring 6 and the deep groove 
inner race 8, which is formed directly on the inner sur- 
face of sleeve 2. 

[0042] In the manufacturing of the ball bearing shown 
in Figure 17, outer ring 13 is fixed by means of press 
fitting it into the interior of sleeve 2 and adhering, etc. 
While the left end of axle 1 is supported from below with 
a cradle, inner ring 6 is slidably mounted on axle 1 , pres- 
sure is applied to inner ring 6 from above, and, when an 
appropriate preload is achieved, inner ring 6 is fixed to 
the axle using an adhesive. 

[0043] Another double-row ball bearing which can be 
manufactured using the preload structure of the present 
invention is shown in Figure 18. The double row ball 
bearing shown in Figure 18 is provided with a straight 
sleeve 2 extending the entire length of the bearing with 
the same inner diameter, a straight axle 1 extending the 
entire length of the bearing with the same outer diameter 
and an outer ring 1 0 for accommodating the second row 
of bearing balls. Outer ring 10 is inserted into straight 
sleeve 2 and affixed thereto. 

[0044] More specifically, the first row of bearing balls 
5 is set between a deep groove outer race 3, formed 
directly on the outer surface of straight axle 1 , and the 



first row's deep groove inner race 4, which is directly 
formed on the inner surface of straight sleeve 2. The 
second row of bearing balls 9 is set between the second 
row's deep groove outer race 12, formed directly on the 
5 outer surface of axle 1 , and the second row's deep 
groove inner race 1 1 , formed on the inner surface of out- 
er ring 10. 

[0045] In the manufacturing of the ball bearing shown 
in Figure 1 8, outer ring 1 0 is inserted into sleeve 2 such 

10 that it can slide longitudinally along the entire body. 
While the lower end (in Figure 18, the left endpoint) of 
sleeve 2 is supported with a cradle, a preload is exerted 
from the upper endpoint to outer ring 1 0 using a thrusting 
body. When an appropriate preload is achieved, outer 

15 ring 10 is fixed to sleeve 2 at an appropriate position 
using an adhesive. 

[0046] Another double-row ball bearing which can be 
manufactured using the preload structure of the present 
invention is shown in Figure 19. The double row ball 

20 bearing shown in Figure 19 has an essentially equiva- 
lent structure to the double row ball bearing shown in 
Figure 16. However, the length of the inner elongated 
diameter portion 2a of sleeve 2 of Figure 19 is longer 
than the length of the stepped axle small diameter por- 

25 tion 1a. 

[0047] To manufacture the ball bearing of Figure 19, 
the second row's deep groove ball bearing inner ring 6 
is inserted and fixed to stepped axle's 1 small diameter 
portion 1a and outer ring 10 is slidably inserted into 

30 sleeve's 2 inner elongated diameter portion 2a. While 
the left end of sleeve 2 is supported from below by a 
cradle, a preload is applied by a thrusting body to outer 
ring 10. When an appropriate preload is achieved outer 
ring 1 0 is fixed to the sleeve's inner elongated diameter 

35 portion 2a using an adhesive. 

[0048] Another double-row ball bearing which can be 
manufactured using the preload structure of the present 
invention is shown in Figure 20. The double ball bearing 
shown in Figure 20 includes a straight axle 1 having an 

40 equal outer diameter along the entire length of the bear- 
ing and a straight sleeve 2 having an equal inner diam- 
eter along the entire length of the bearing. Deep groove 
outer races 3 and 1 2 are formed on the outer surface of 
the straight axle 1 for accommodating the first and the 

45 second row of bearing balls, respectively. A first row's 
outer ring 13a and the second row's outer ring 13b are 
provided within straight sleeve 2. First and second row's 
outer rings 1 3a and 1 3b preferably have an equal thick- 
ness. The first row of bearing balls 5 is set between a 

50 deep groove inner race 4 of the outer ring 13a and outer 
race 3. Similarly, the second row of bearing balls 9 is set 
between a deep groove inner race 8 of the outer ring 
13b and outer race 12. 

[0049] In the manufacture of the ball bearing of Figure 
55 20, outer ring 1 3a is inserted and fixed to sleeve 2. While 
the left end-face of the sleeve is supported with a cradle, 
outer ring 1 3b is fitted into sleeve 2 such that it can slide. 
A preload is applied to outer ring 13b using a thrusting 
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body. When an appropriate preload is achieved, the out- 
er ring 13b is fixed within sleeve 2 using an adhesive. 
[0050] In the above described double row ball bear- 
ings, double row ball bearings shown in Figures 15 
through 17 are the type where a preload is applied to 
inner ring 6, which is slidably mounted on axle 1, and 
inner ring 6 is then fixed to axle 1 with an adhesive. In 
contrast to this, double ball bearings shown in Figures 
18 through 20 are the type where preload is applied to 
outer rings 10, 1 3b, which are slidably fitted into sleeve 
2, and outer rings 10, 13b are then fixed inside sleeve 
2 using an adhesive. 

[0051] In these double row ball bearings, an appropri- 
ate preload can be achieved during their manufacture 
because their inner rings fitted to the axle or their outer 
rings fitted to the sleeve, depending upon the construc- 
tion, are able to slide along the axle or the sleeve, re- 
spectively. Accordingly, the pressure applied by the race 
to the ball can be accurately set. Moreover, a resulting 
double row ball bearing has lower manufacturing costs 
because of ease of assembly. 

[0052] In the described double row ball bearings, the 
race is shaped as a deep groove and has a flange 
(shoulder part of the groove) which is symmetrical on 
both sides of the groove, in comparison to an angular 
shape. Therefore, inner ring's outer diameter grinder 
can grind and control both sides of the flange under 
steady impeller conditions using left and right whet- 
stones. In addition, race grinding and race ultra- finish- 
ing can increase high accuracy and can control both 
sides of the flange under steady impeller conditions us- 
ing shoes. 

[0053] During the manufacturing of the above embod- 
iments of double-row bearings, the race process that 
forms two rows of races on the inner surface of that 
sleeve can be implemented while leaving the sleeve's 
end clamped and not changing the sleeve's mounted di- 
rection on the clamp device. Several effects such as 
maintaining the concentric accuracy for the two rows 
and thereby attaining high-accuracy races can be 
achieved. 

[0054] However, because the double row ball bearing 
shown in Figures 15 through 20 are the type where 
preload is applied to either the inner ring or the outer 
ring and then fixed with adhesive to either the axle or 
the sleeve, there are shortcomings such as: once fixed 
using an adhesive agent, it is impossible to analyze the 
bonded inner or outer ring without damaging them. The 
customer cannot freely select a preload means nor ad- 
just the preload amount and inspection and mainte- 
nance are difficult. In addition, depending on the prod- 
uct, there are applications where adhesive agents are 
not preferred and thus there are difficulties for these ap- 
plications. Even when preload retention force changes 
from the fixed value due to heat expansion, it is not pos- 
sible to change or adjust the subsequent preload. When 
the axle diameter and sleeve diameter increase, relia- 
bility problems arise when fixing is only accomplished 



through the adhesive agent. Also, an inferior vibration- 
resistance and inferior load-bearing properties are pos- 
sible. 

[0055] The first preload application construction de- 
5 scribed above can be used, for the construction shown 
in Figures 17 and 18. However, to suitably use the first 
preload application construction for the construction 
shown in Figure 18, for an axle with an attached inner 
ring 6, the axle should be constructed as a straight axle 
10 1 1 with an equal diameter along its entire length. 

[0056] Figure 3 is a longitudinal sectional view and 
Figure 4 is s longitudinal sectional of one component of 
a modified embodiment of the preload application. This 
modified embodiment may be used with a conventional 
15 double-row bearing shown in Figure 16. 

[0057] This second preload application is constructed 
in the following way. As shown in Figure 3, an inner ring 
6 of the second row of bearing balls is slidably mounted 
on the small diameter portion 1 a of the stepped axle 1 . 
20 A nut 22 and spring 20 are mounted in order on the small 
diameter portion 1a of the stepped axle 1 adjacently to 
the exterior end surface of the second row's inner ring 
6 Nut 22 is engaged with the threaded nut portion of 
small diameter portion 1a. When the pressure on the 
25 spring 20 is increased by spirally advancing nut 22, an 
appropriate preload is applied in the axial direction of 
the stepped axle 1 towards inner ring 6. Nut 22 can then 
be fixed on the small diameter portion 1 a of the stepped 
axle 1 by means of caulking and/or an adhesive agent. 
30 Spring 20 may be an undulating spring or rigid spring, 
as shown in Figure 3, or a coil spring, as shown in Figure 
4. 

[0058] Because the double row ball bearings in the 
second embodiment is constructed as mentioned 
35 above, the same results achievable in embodiment 1 
are achievable in embodiment 2. 
[0059] The second preload application construction 
for the double row ball bearing may be utilized with ball 
bearings shown in Figures 1 7 and 1 8, and for a bearing 
40 constructed in this way, it is possible to achieve the 
same results as achieved in the first embodiment. Dou- 
ble-row bearings shown in Figures 17 and 18 are par- 
ticularly suitable for use with the second preload appli- 
cation construction because the axle on which inner ring 
45 is mounted, is a straight axle, whose equal diameter ex- 
tends the entire length of the bearing. 
[0060] Figures 5 and 6 illustrate a third preload appli- 
cation construction, which is constructed in the following 
way. In accordance with Figure 5, an inner ring 6 of the 
50 second row of bearing balls is slidably mounted on the 
small diameter portion 1 a of the stepped axle 1 . A snap 
ring 23 and spring 20 are respectively mounted on the 
small diameter portion 1a of the stepped axle 1 adja- 
cently to the exterior end surface of the second row's 
55 inner ring 6. When the pressure on the spring 20 is in- 
creased by pushingthesnap ring 23 in the axial direction 
of the stepped axle 1 , an appropriate preload is applied 
in the axial direction on the inner ring 6. The snap ring 
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23 is then mounted and fixed on the ring race 24 of the 
small diameter portion 1 a of the stepped axle 1 . Spring 
20 may be an undulating spring or rigid spring, as shown 
in Figure 5, or a coil spring, as shown in Figure 6. 
[0061] Because the double row ball bearings in the 
third embodiment are constructed as mentioned above, 
the same results that are achievable in embodiment 1 
are achievable in embodiment 3. 
[0062] The third preload application construction for 
the double row ball bearing may be utilized with ball 
bearings shown in Figures 1 7 and 1 8, and for a bearing 
constructed in this way, it is possible to achieve the 
same results as achieved in the first embodiment. Dou- 
ble-row bearings shown in Figures 17 and 18 are par- 
ticularly suitable for use with the third preload applica- 
tion construction because the axle on which inner ring 
is mounted, is a straight axle, whose equal diameter ex- 
tends the entire length of the bearing. 
[0063] The fourth embodiment of the preload applica- 
tion is illustrated in Figures 7 and 8. The fourth preload 
application construction is constructed in the following 
way. In accordance with Figure 7, an inner ring 6 of the 
second row of bearing balls is slidably mounted on the 
small diameter portion 1 a of the stepped axle 1 . Nut 25 
is also mounted on the small diameter portion 1 a of the 
stepped axle 1 adjacently to the exterior end surface of 
the second row's inner ring 6, and is spirally attached to 
the threaded screw portion of small diameter portion 1 a. 
An appropriate preload is applied in the axial direction 
of the stepped axle 1 towards inner ring 6 by spirally 
advancing the nut 25 in this axial direction. Nut 25 may 
then be fixed on the small diameter portion 1a of the 
stepped axle 1 by means of a fixed and stopped screw 
and double nut 26 (as more particularly shown in Figure 
8), caulking, and an adhesive agent. In this case, the 
preload force applied to inner ring 6 is similarto that cre- 
ated by a torque wrench. 

[0064] Because the double row ball bearings in the 
fourth embodiment is constructed as mentioned above, 
the same results achievable in embodiment 1 are 
achievable in embodiment 4. 

[0065] The fourth preload application construction for 
the double row ball bearing may be utilized with ball 
bearings shown in Figures 1 7 and 1 8, and for a bearing 
constructed in this way, it is possible to achieve the 
same results as achieved in the first embodiment. Dou- 
ble-row bearings shown in Figures 17 and 18 are par- 
ticularly suitable for use with the fourth preload applica- 
tion construction because the axle on which inner ring 
is mounted, is a straight axle, whose equal diameter ex- 
tends the entire length of the bearing. 
[0066] Next, we explain the fifth embodiment of the 
preload construction which is contained and is shown in 
Figure 9. 

[0067] The fifth preload application construction is 
constructed in the following way. As shown in Figure 9, 
an outer ring 10 of the second row of bearing balls is 
slidably mounted on the interior of sleeve 2. Spring 27 



and ring 28 are respectively mounted on the interior of 
sleeve 2, adjacently to the exterior end surface of the 
second row's outer ring 10. While increasing the pres- 
sure on the spring 27 by pushing the ring 28 in the axial 

5 direction of sleeve 2, an appropriate preload is applied 
in the axial direction of the outer ring 10. Ring 28 may 
then be fixed on the interior of sleeve 2 through means 
of fixed screws, caulking, and/or adhesive agents. 
Spring 27 may be a coil spring, as shown in Figure 9, 

10 an undulating spring or rigid spring. 

[0068] To prevent grease leakage from the double- 
row bearing constructed in accordance with the fifth em- 
bodiment, shield planks 35 may be installed on both pe- 
ripheral ends of the bearing sleeve. Shield plank 35, lo- 

15 cated on the side of the preload application, may be in- 
stalled at the interior of the external terminal surface of 
outer ring 1 0, instead of being installed on the peripheral 
surface on the interior of thesleeve's end portion. If done 
in this way, ring 28 may be removed from sleeve 2, and 

20 it is convenient to analyze the preload application con- 
struction. This way of using the shield 35 is the same 
way as indicated in Figures 10-12. 
[0069] In the double row ball bearing of embodiment 
5, even after the maker attaches and loads the bearing 

25 and applies preload to the outer ring 1 0, it is still possible 
to analyze the position of the slidable outer ring 10 by 
removing ring 28 from the sleeve. The customer can 
then freely select other preloading means and readjust 
the preload amount, if necessary. The customer can in- 

30 spect and maintain the bearing in accordance with his/ 
her requirements. Even when the preload supporting 
force changes value, for example from heat expansion, 
it is possible to change and adjust the preload amount 
by removing ring 28 from the sleeve 2 and reapplying 

35 the preload. If sleeve's diameter becomes large, it is still 
possible to accurately perform maintenance and 
preload application for the outer ring 1 0 by only chang- 
ing the dimensions of the preload application compo- 
nent. Finally, it is possible to achieve superior vibration 

40 proof motion and load resistant characteristics. 

[0070] The fifth preload application construction for 
the double row ball bearing may be utilized with ball 
bearings shown in Figures 20 and 21 , and for a bearing 
constructed in this way, it is possible to achieve the 

45 same results as achieved in the first embodiment. Dou- 
ble-row bearings shown in Figures 20 and 21 are par- 
ticularly suitable for use with the fifth preload application 
construction because sleeve 2 has a stepped construc- 
tion and includes the inner elongated portion 2a having 

50 an inner diameter larger than that of the rest of sleeve 2. 
[0071] The sixth embodiment of the preload applica- 
tion construction, in accordance with the invention, is 
contained and is shown in Figure 10. 
[0072] This sixth preload application construction is 

55 constructed in the following way In accordance with Fig- 
ure 10, an outer ring 10 of the second row of bearing 
balls is slidably mounted on the interior of sleeve 2. 
Spring 27 and a screw-attached ring 29 are respectively 
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mounted on the interior of sleeve 2, adjacently to the 
exterior end surface of the second row's outer ring 10. 
The screw-attached ring is spirally joined to the thread- 
ed screw portion of the sleeve's interior. While increas- 
ing the pressure on spring 27 by spirally advancing the 
screw-attached ring 29, an appropriate preload is ap- 
plied in the axial direction of the sleeve 2 towards outer 
ring 10. Screw-attached ring 29 may then be fixed on 
the interior of sleeve 2 through means of fixed screws 
(fixed the same way as with double nuts), caulking and/ 
or adhesive agents, Spring 27 may be a coil spring, in 
the way shown in Figure 10, an undulating spring or rigid 
spring. 

[0073] The sixth preload application construction for 
the double row ball bearing may be utilized with ball 
bearings shown in Figures 20 and 21 , and for a bearing 
constructed in this way, it is possible to achieve the 
same results as achieved in the fifth embodiment. Dou- 
ble-row bearings shown in Figures 20 and 21 are par- 
ticularly suitable for use with the sixth preload applica- 
tion construction because sleeve 2 has a stepped con- 
struction and includes the inner elongated portion 2a 
having an inner diameter larger than that of the rest of 
sleeve 2. 

[0074] The seventh embodiment of the preload appli- 
cation construction, in accordance with the invention is 
contained and is shown in Figure 11 . 
[0075] The seventh preload application construction 
is constructed in the following way. As shown in Figure 
11 , an outer ring 10 of the second row of bearing balls 
is slidably mounted on the interior of sleeve 2. Spring 27 
and snap ring 30 are respectively mounted on the inte- 
rior of sleeve 2, adjacently to the exterior end surface of 
the second row's outer ring 10. While increasing the 
pressure on the spring 27, an appropriate preload is ap- 
plied in the axial direction towards outer ring 10. Snap 
ring 30 may then be fixed and mounted on ring race 31 
of the sleeve's interior. Spring 27 may be a coil spring, 
in the way shown in Figure 10, an undulating spring or 
rigid spring. 

[0076] The seventh preload application construction 
for the double row ball bearing may be utilized with ball 
bearings shown in Figures 20 and 21 , and for a bearing 
constructed in this way, it is possible to achieve the 
same results as achieved in the fifth embodiment. Dou- 
ble-row bearings shown in Figures 20 and 21 are par- 
ticularly suitable for use with the seventh preload appli- 
cation construction because sleeve 2 has a stepped 
construction and includes the inner elongated portion 2a 
having an inner diameter larger than that of the rest of 
sleeve 2. 

[0077] The eighth preload application is constructed 
in the following way. In accordance with Figure 12, outer 
ring 10 of the second row of bearing balls is slidably 
mounted on the interior of the sleeve 2. A screw-at- 
tached ring 32 is mounted on the interior of sleeve 2, 
adjacently to the exterior end surface of the second 
row's outer ring 10. The screw-attached ring is spirally 



joined to the threaded screw portion of the sleeve's in- 
terior. While spirally advancing the screw- attached ring 
32, an appropriate preload is applied in the axial direc- 
tion of sleeve 2 towards the outer ring 10. Screw-at- 

5 tached ring 32 may then be fixed to the interior of sleeve 
2 by means of a fixed and stopped screw and double 
nut, caulking, and/or an adhesive agent. In this embod- 
iment, the preload force applied to outer ring 1 0 is similar 
to that of a torque wrench. 

10 [0078] The eighth preload application construction for 
the double row ball bearing may be utilized with ball 
bearings shown in Figures 20 and 21 , and for a bearing 
constructed in this way, it is possible to achieve the 
same results as achieved in the fifth embodiment. Dou- 

15 ble-row bearings shown in Figures 20 and 21 are par- 
ticularly suitable for use with the eighth preload applica- 
tion construction because sleeve 2 has a stepped con- 
struction and includes the inner elongated portion 2a 
having an inner diameter larger than that of the rest of 

20 sleeve 2. 

[0079] The preload application method in embodi- 
ment 9 is related to the method of embodiment 1 where 
a weight is applied to the inner ring when preloading. As 
shown in Figures 1 and 2, the method of the ninth em- 

25 bodiment includes applying a preload using a weight di- 
rected to the inner ring of the ball bearing that has the 
form of an inner ring slide (see also, Figures 1 6-1 8). 
[0080] Below is an explanation for applying the 
preloading method of using a weight on an inner ring 

30 slide, shown in Figure 1 6, for the first preload application 
method, shown in Figure 2 with an abbreviated expla- 
nation for other inner ring slides for the same first 
preload application methods shown in Figures 1 and 2. 
[0081 ] Figure 1 3 shows one stage of applying a fixed 

35 preload using a weight W towards the bearings inner 
ring 6 which has an inner ring slide form. 
[0082] As shown in Figure 13, a designated preload 
is applied by the use of a weight W directed towards the 
inner ring 6. The preload is applied perpendicularly to 

40 the ball bearing, such that axle 1 is supported on a fixed 
platform 34. Weight W then loads on the ring 21 using 
framework 33 and increases the designated pressure 
on the spring. Ring 21 is then temporarily fixed on the 
small diameter portion 1 a of the axle 1 using a pin and 

45 an adhesive agent. 

[0083] Next, as indicated in Figure 14, the weight W 
is released from ring 21 , and a fixed nut 26 is mounted 
on the exterior end of the small diameter portion 1a. 
Fixed nut 26 is spirally joined to the threaded screw por- 

50 tion of the small diameter portion 1 a thus fixing ring 21 
in a temporarily fixed location on the small diameter por- 
tion 1a. 

[0084] The preloading application method found in 
embodiment 9, being constructed as mentioned above, 
55 uses a simple method of loading a weight W on ring 21 , 
making possible a method that easily and accurately ap- 
plies a preload in the axial direction of axle 1 towards 
the inner ring 6. 
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an inner bearing ring slidably mounted on said 
axle such that at least one of said rows of bear- 
ing balls is set between said inner bearing ring 
and said sleeve; 
5 a resilient member connected to an external 

side surface of said inner bearing ring; and 
a preload applying member connected to said 
resilient member; 

10 wherein said preload applying member ap- 

plies a preload to said inner bearing ring by applying 
pressure on said resilient member, and wherein, 
when an appropriate preload is applied to said inner 
ring, said preload applying member is fixed to said 

15 axle. 

2. The double-row ball bearing according to Claim 1 
wherein said axle further comprises a small diame- 
ter axle portion and a large diameter axle portion, 

20 and wherein said inner bearing ring, said resilient 
member and said preload applying member are dis- 
posed on said small diameter axle portion. 

3. The double-row ball bearing according to Claim 2, 
25 wherein said axle further comprises a ball race 

formed directly on an outer surface of said large di- 
ameter axle part, wherein said sleeve further com- 
prises a first ball race formed directly on an inner 
surface of said sleeve, and wherein a first row of 
30 bearing balls is set between said ball race of said 
axle and said first ball race of said sleeve. 



[0085] The preload application method in embodi- 
ment 1 0 is related to the method of embodiment 5 where 
the weight is applied to the outer ring. Namely, there is 
a relationship between loading that occurs on the outer 
ring slide found in embodiment 5 and shown in Figure 
9 and the method (referenced by Figures 19-21) which 
uses a designated preload with a weight on the outer 
ring of the bearing. 

[0086] Weight W is applied towards the outer ring 1 0 
which has the form of an outer ring slide, according to 
the abbreviation of a detailed diagram. It is possible to 
use a preload method that has the same principle as the 
preload application that is directed towards the inner 
ring 6 of the bearing, as in the above described embod- 
iment 9. 

[0087] Similarly to the above described embodiment 
9, the preload is perpendicularly applied to the double 
row ball bearing, while supporting sleeve 2 on a fixed 
platform. The weight W is loaded onto the ring 28, thus 
increasing the designated pressure on spring 27. Ring 
28 is then temporarily fixed on sleeve 2 using a pin and 
an adhesive agent. Next, the weight W is released from 
the ring 28, and ring 28 is fixed at the temporary fixed 
position on top of sleeve 2, using screw-attached rings 
(the screw-attached rings 29 of Figure 1 0 are identically 
constructed and are used solely for fixing). 
[0088] The method of preloading in embodiment 10, 
as mentioned above, utilizes a simple method which 
loads the weight W on the ring 28 and is able to easily 
apply an accurate preload in the axial direction of sleeve 
2 towards outer ring 1 0 and/or 1 3b. 
[0089] For the convenience of the reader, the above 
description has focused on a representative sample of 
all possible embodiments, a sample that teaches the 
principles of the invention and conveys the best mode 
contemplated for carrying it out. The description has not 
attempted to exhaustively enumerate all possible varia- 
tions. Other undescribed variations or modifications 
may be possible. For example, where multiple alterna- 
tive embodiments are described, in many cases it will 
be possible to combine elements of different embodi- 
ments, or to combine elements of the embodiments de- 
scribed here with other modifications or variations that 
are not expressly described. Many of those undescribed 
variations, modifications and variations are within the lit- 
eral scope of the following claims, and others are equiv- 
alent. 



Claims 

1 . A double-row ball bearing with a preload application 
structure comprising: 

an axle; 

a sleeve surrounding said axle; 
at least two rows of bearing balls disposed be- 
tween said axle and said sleeve; 



4. The double-row ball bearing according to Claim 2, 
wherein said inner bearing ring further comprises a 

35 ball race formed on its outer surface, wherein said 
sleeve further comprises a second ball race formed 
directly on an inner surface of said sleeve, and 
wherein a second row of bearing balls is set be- 
tween said ball race of said inner bearing ring and 

40 said second ball race of said sleeve. 

5. The double-row ball bearing according to Claim 2, 
wherein said sleeve further comprises a larger inner 
diameter portion and a smaller inner diameter por- 

45 tion; wherein said double-row ball bearing further 
comprises an outer bearing ring, said outer bearing 
ring being mounted inside said larger inner diame- 
ter portion of said sleeve in an opposing relationship 
with said inner bearing ring; wherein a first row of 
50 said bearing balls is set between a ball race of said 
large diameter portion of said axle and a ball race 
of said smaller inner diameter portion of said sleeve; 
and wherein a second row of bearing balls is set 
between a ball race of said inner bearing ring and 
55 a ball race of said outer bearing ring. 

6. The double-row ball bearing according to Claim 1 
further comprising an outer bearing ring, wherein 
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said axle further comprises a ball race formed di- 
rectly on its outer surface, wherein said outer bear- 
ing ring further comprises a ball race formed on its 
inner surface and wherein a first row of bearing balls 
is set between said ball race of said axle and said 
ball race of said outer bearing ring. 

7. The double-row ball bearing according to Claim 6, 
wherein said inner bearing ring further comprises a 
ball race formed on its outer surface, wherein said 
sleeve further comprises a ball race formed directly 
on an inner surface of said sleeve, and wherein a 
second row of bearing balls is set between said ball 
race of said inner bearing ring and said ball race of 
said sleeve. 

8. A double-row ball bearing with a preload application 
structure comprising: 

an axle; 

a sleeve surrounding said axle; 
at least two rows of bearing balls disposed be- 
tween said axle and said sleeve; 
an outer bearing ring slidably mounted inside 
said sleeve such that at least one of said rows 
of bearing balls is set between said outer bear- 
ing ring and said axle; 

a resilient member connected to an external 
side surface of said outer bearing ring; and 
a preload applying member connected to said 
resilient member; 

wherein said preload applying member ap- 
plies a preload to said outer bearing ring by applying 
pressure on said resilient member, and wherein, 
when an appropriate preload is applied to said outer 
bearing ring, said preload applying member is fixed 
to said sleeve. 

9. The double-row ball bearing according to Claim 8, 
wherein said sleeve further comprises a smaller in- 
ner diameter portion and a larger inner diameter 
portion, and wherein said outer bearing ring, said 
resilient member and said preload applying mem- 
ber are disposed inside said larger inner diameter 
portion of said sleeve. 

10. The double-row ball bearing according to Claim 8, 
wherein said sleeve further comprises a ball race 
formed directly on an inner surface of said sleeve, 
wherein said axle further comprises a first ball race 
formed directly on an outer surface of said axle, and 
wherein a first row of bearing balls is set between 
said first ball race of said axle and said ball race of 
said sleeve. 

11. The double-row ball bearing according to Claim 8, 
wherein said outer bearing ring further comprises a 



ball race formed on its inner surface, wherein said 
axle further comprises a second ball race formed 
directly on an outer surface of said axle, and where- 
in a second row of bearing balls is set between said 
5 ball race of said outer bearing ring and said second 

ball race of said axle. 

12. The double-row ball bearing according to Claim 11 
further comprising a second outer bearing ring, said 

10 second outer bearing ring having a ball race formed 
on its inner surface; wherein said axle further com- 
prises a first ball race formed directly on its outer 
surface; and wherein a first row of said bearing balls 
is set between said ball race of said second outer 

15 bearing ring and said first ball race of said axle. 

13. The double-row ball bearing according to Claim 8 
further comprising an inner ring mounted on said 
axle, said inner ring having a ball race formed on its 

20 outer surface; wherein said outer bearing ring fur- 
ther comprises a ball race formed on its inner sur- 
face; wherein said axlefurther comprises a ball race 
formed directly on its outer surface; wherein said 
sleeve further comprises a ball race formed on its 

25 inner surface; and wherein a first row of bearing 
balls is set between said ball races of said outer 
bearing ring and said axle and a second row of bear- 
ing balls is set between said ball races of said inner 
bearing ring and said sleeve. 

30 

14. The double-row ball bearing according to Claim 9, 
wherein said axle further comprises a larger diam- 
eter portion and a smaller diameter portion; wherein 
said double-row ball bearing further comprises an 

35 inner bearing ring, said inner bearing ring being 
mounted on said smaller diameter portion of said 
axle in an opposing relationship with said outer 
bearing ring; wherein afirst row of said bearing balls 
is set between a ball race of said larger diameter 

40 portion of said axle and a ball race of said smaller 
inner diameter portion of said sleeve; and wherein 
a second row of bearing balls is set between a ball 
race of said inner bearing ring and a ball race of said 
outer bearing ring. 

45 

15. The double-row ball bearing according to any pre- 
ceding claim , wherein said resilient member is a coil 
spring. 

50 16. The double-row ball bearing according to any pre- 
ceding claim, wherein said resilient member is an 
undulating spring. 

17. The double-row ball bearing according to any pre- 
55 ceding claim, wherein said resilient member is a rig- 
id spring. 

18. The double-row ball bearing according to any pre- 
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ceding claim, wherein said resilient member is 
made of an elastic material. 

19. The double-row ball bearing according to any pre- 
ceding claim, wherein said preload applying mem- 5 
ber is a ring configured to apply pressure on said 
resilient member. 

20. The double-row ball bearing according to any pre- 
ceding claim, wherein said preload applying mem- 10 
ber is a nut configured to apply pressure on said 
resilient member. 

21. The double-row ball bearing according to any pre- 
ceding claim, wherein said preload applying mem- 15 
ber is a snap ring configured to apply pressure on 
said resilient member. 

22. A double-row ball bearing with a preload application 
structure comprising: 20 

an axle; 

a sleeve surrounding said axle; 
at least two rows of bearing balls disposed be- 
tween said axle and said sleeve; 25 
an inner bearing ring slidably mounted on said 
axle such that at least one of said rows of bear- 
ing balls is set between said inner bearing ring 
and said sleeve; and 

a preload applying member connectedto an ex- 30 
ternal side surface of said inner bearing ring; 



24. The double-row ball bearing according to either of 
Claims 22 or 23, wherein said preload applying 
member is a nut configured to apply pressure to 
said outer bearing ring. 

25. A method of preloading a double-row ball bearing 
comprising the steps of: 

connecting a slidably mounted inner bearing 
ring of said double-row bearing to a preloading 
mechanism; 

applying pressure to said preloading mecha- 
nism; 

fixing a component of said preloading mecha- 
nism to an axle of said double-row bearing 
when an appropriate preload is achieved. 

26. A method of preloading a double-row ball bearing 
comprising the steps of: 

connecting a slidably mounted outer bearing 
ring of said double-row bearing to a preloading 
mechanism; 

applying pressure to said preloading mecha- 
nism; 

fixing a component of said preloading mecha- 
nism to a sleeve of said double-row bearing 
when an appropriate preload is achieved. 



wherein said preload applying member ap- 
plies a preload by applying pressure to said inner 
bearing ring, and wherein, when an appropriate 35 
preload is applied to said inner bearing ring, said 
preload applying member is fixed to said axle. 

23. A double-row ball bearing with a preload application 
structure comprising: 40 



an axle; 

a sleeve surrounding said axle; 
at least two rows of bearing balls disposed be- 
tween said axle and said sleeve; 45 
an outer bearing ring slidably mounted inside 
said sleeve such that at least one of said rows 
of bearing balls is set between said outer bear- 
ing ring and said axle; and 

a preload applying member connected to an ex- 50 
ternal side surface of said outer bearing ring; 



wherein said preload applying member ap- 
plies a preload by applying pressure to said outer 
bearing ring, and wherein, when an appropriate 55 
preload is applied to said outer bearing ring, said 
preload applying member is fixed to said sleeve. 
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